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SPECIFICATION 



[TITLE OF THE INVENTION] 
A SEALING DEVICE 

< 

(57)[ABSTRACT] 
[Problem] 

To provide a sealing device that enables to return a sealing medium 
toward a chamber-to-be-sealed, regardless of the rotating direction of a 
machine element, that has a long service life and is easy to manufacture. 

[Means for Solving the Problem] 

A sealing device is provided that has a rotation-symmetric 
surface-to-be-sealed (10) of a machine element; and a radial shaft seal ring 
(2), where a seal lip (3), made of polymer material, of the radial shaft seal 
ring, is in contact with the chamber-to-be-sealed at a sealing edge (6) that is 
formed by two mutually intersecting conical surfaces (4, 5), where the 
angle in the axial plane, between one conical surface (4) of the two conical 
surfaces located on the side of the chamber-to-be-sealed and the axis of 
rotation (7), is greater than the angle in the axial plane, between the other 
conical surface (5) of the two conical surfaces located on the opposite side 
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of the chamber-to-be-sealed and the axis of rotation. The 
surface-to-be-sealed (10) has a spiral groove (11) disposed thereon by 
means of lathe turning, where the spiral groove has a rounded groove 
bottom (12). The groove bottom has a radius of curvature of 0.4 mm to 
1.6 mm, where the depth (13) of the groove (11) is less than 15 Dm. 
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[CLAIM] 

1 . A sealing device having 

a rotation-symmetric surface-to-be-sealed of a machine element; 

and 

a radial shaft seal ring, 
said radial shaft seal ring having a seal lip, made of polymer material, 
brought into contact with said surface-to-be-sealed by means of a sealing 
edge that is formed by two mutually intersecting conical surfaces, where 
the angle in the axial plane, between one conical surface of said two 
conical surfaces located on the side of a chamber-to-be-sealed and the axis 
of rotation, is greater than the angle in the axial plane, between the other 
conical surface of said two conical surfaces located on the opposite side of 
said chamber-to-be-sealed and said axis of rotation, 

wherein said sealing device is characterized in that: 
said surface-to-be-sealed (10) has a spiral groove (11) disposed 
thereon by means of lathe turning, said spiral groove having a rounded 
groove bottom (12), said groove bottom having a radius of curvature of 0.4 
mm to 1.6 mm, said groove (11) having a depth (13) less than 15 Dm. 

2. A sealing device of claim 1, 

wherein said sealing device is characterized in that: 

said depth (13) is 10 Dm at most. 
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3. A sealing device of claims 1 or 2, 
wherein said sealing device is characterized in that: 
mutually adjoining spirals (14.1, 14.2...) of said spiral groove are 
spaced from each other by a center-to-center spacing (16) of 0.03mm to 0.3 



4. A sealing device of either one of qlaims 1 to 3, 
wherein said sealing device is characterized in that: 

said sealing edge (6) has a width equal to 1.5 to 4 times said 
center-to-center spacing, or pitch. 

5. A sealing device of either one of claims 1 to 4, 
wherein said sealing device is characterized in that: 
said machine element (1) is a shaft. 

6. A sealing device of either one of claims 1 to 4, 
wherein said sealing device is characterized in that: 

said machine element (1) consists of a track ring (17) of a 
cassette-type packing device (18). 

7. A method of manufacturing a surface-to-be-sealed of a 
machine element, of a sealing device of either one of claims 1 to 6, 

wherein said method is characterized in comprising: 
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a step of turning on a lathe said surface-to-be-sealed with a feed of 
0.03 mm to 0.3 mm, a cutting speed of 80 m/min to 400 m/min, and a 
cutting depth of 0.04 mm to 0.4 mm. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

The Tcchninal Field that the Inven tion belongs to: 

The present invention relates to a sealing device used for sealing 
various machine elements that has a rotation-symmetric 
surface-to-be-sealed of a machine element; and a radial shaft seal ring 
including a seal lip made of polymer material, and to a method of 
manufacturing the surface-to-be-sealed of the machine element. 
[0002] 
[Prior Art] 

A method for manufacturing a sealing device and a 
surface-to-be-sealed of the kind described above is known for example by 
German Patent Publication Gazette No. 15433. The sealing device 
disclosed therein has a shaft; and a radial shaft seal ring, where the radial 
shaft seal ring has a seal lip, made of polymer material, brought into 
contact with the surface of the shaft by means of a sealing edge that is 
formed by two mutually intersecting conical surfaces, where the angle in 
the axial plane, between one conical surface of the two conical surfaces 
located on the side of a chamber-to-be-sealed and the axis of rotation, is 
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arranged to be greater than the angle in the axial plane, between the other 
conical surface of the two conical surfaces located on the opposite side of 
the chamber-to-be-sealed and the axis of rotation. In this sealing device, 
in order to obtain medium-returning spiral cuts that function so as to return 
the medium leaking out from the side of the chamber-to-be-sealed, the 
shaft is equipped with depressions or cuts disposed diagonally to the 
longitudinal axis thereof. At a position where^the radial seal ring causes a 
maximum compressive force to act on the surface of the shaft, this 
medium-returning spiral cuts end up disappearing after a short period of 
time of service due to deformation resulting from this function and 
subsequent wear. Therefore, wear of the seal ring due to the 
medium-returning spiral cuts occurs no further. Very close to the area 
where the cuts (or grooves) disappeared, however, the grooves still remain 
and, thereby, the medium-returning function further continues. In this 
publication of public domain, the medium-returniiig threads (or spiral cuts) 
are described as causing damage to the sealing edge of the radial shaft seal 
ring. 
[0003] 

The depressions or grooves described above can be formed by 
using a simple cutting-in method, for example, with means such as a 
turning grinding wheel, and a polishing-powdered polishing wheel. In 
case using such a surface grinding method, however, a disadvantage is 
caused in that it is not predictable whether the sealing device shows a 
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sufficiently good sealing behavior when the sealing device is used as 
specified. A surface so ground has an unpredictable large number of 
spirally running cuts (or grooves) that are formed to have various depths. 
Besides, the number and shape of the spiral cuts vary unpredictably 
according to the conditions of the grinding wheel when processing the 
surface, the vibrational behaviors of the driving shaft of the grindmg wheel 
and/or the surface of the shaft to be ground, and the mutual spatial 
arrangements of the rotating axes. Furthermore, in case the depressions 
formed on the surface result in incidentally a shape involving a large 
number of spiral cuts, the volume of the sealing medium accommodated in 
these spiral cuts could reach an amount too large for the volume to be 
returned to the chamber-to-be-sealed by the radial shaft seal ring. 
[0004] 

Problem to Be Solved Ry the Invention 

A problem underlying the present invention is to improve a sealing 
device of the kind, described in the beginning, to avoid malfunctioning of 
the sealing device from occurring due to failure in the surface 
characteristics of the surface-to-be-sealed so that the spiral cuts, formed on 
the surface-to-be-sealed by processing, can be grasped in terms of 
measuring technology, and, besides, the effect of the spirals of the spiral 
cuts on the sealing behavior of the radial shaft seal ring can be quantified. 
Also, the characteristics of the surface must be adjusted so that the radial 
shaft seal ring can return to the chamber-to-be-sealed the sealing medium 
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of a volume necessary for lubricating the sealing edge, regardless of the 

rotating direction of the machine element. 

[0005] 

Means for solving the Problem 

According to the present invention, this problem may be solved by 
the characteristics of the claims 1 and 4. The dependent claims relate to 
advantageous aspects embodying the present invention. 
[0006] 

Namely, according to the present invention, a sealing device has a 
rotation-symmetric surface-to-be-sealed of a machine element; and a radial 
shaft seal ring, where the radial shaft seal ring has a seal lip, made of 
polymer material, brought into contact with the surface-to-be-sealed by 
means of a sealing edge that is formed by two mutually intersecting conical 
surfaces, where the angle in the axial plane, between one conical surface of 
the two conical surfaces located on the side of a cliamber-to-be-sealed and 
the axis of rotation, is greater than the angle in the axial plane, between the 
other conical surface of the two conical surfaces located on the opposite 
side of the chamber-to-be-sealed and the axis of rotation. 
[0007] 

In order to solve the problem described above, the 
surface-to-be-sealed has a spiral groove disposed thereon by means of lathe 
turning, said spiral groove having a rounded groove bottom. The groove 
bottom has a radius of curvature of 0.4 mm to 1.6 mm, and the groove has a 
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depth less than 15 Dm. Unlike a surface ground with the prior art, the 
surface-to-be-sealed processed with the lathe turning can be manufactured 
at a far lower cost. In addition, the spiral groove on the surface formed by 
means of lathe turning can be grasped in terms of measuring technology, 
and the effect of the spiral groove on the sealing behavior of the radial shaft 
seal ring can be quantified. It is therefore made simple and of low cost to 
inspect whether the surface-to-be-sealed processed with the lathe turning is 
correctly manufactured from the technical point'of view, and whether the 
necessary parameters are observed. The surface-to-be-sealed so processed 
carries the sealing medium axially along the surface-to-be-sealed at various 
levels, according to the rotating direction. When the groove bottom has a 
radius of curvature of 0.4 mm to 1.6 mm, and the groove has a depth less 
than 15 Dm, the radial shaft seal ring can return to the 
chamber-to-be-sealed the sealing medium of a volume necessary for 
lubricating the sealing edge, regardless of the fotating direction of the 
machine element. The medium-returning effect of a radial shaft seal ring 
is defined by two conical surfaces that form the sealing edge of the seal lip, 
where the angle m the axial plane, between one, or a first, conical surface 
of the two conical surfaces located on the side of the chamber-to-be-sealed 
and the axis of rotation, is greater than the angle in the axial plane, between 
the other, or a second, conical surface of the two conical surfaces located 
on the opposite side of the chamber-to-be-sealed and the axis of rotation. 
[0008] 
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The depth of the groove may preferably 10 Dm at most. Since the 
depth of the groove is small like this, the wear amount in the sealing edge 
of the radial shaft seal ring is small that is caused by the rotation of the 
machine element. Therefore, the sealing device, according the present 
invention, has a much longer service life, and, besides, far more improved 
working characteristics. 
[0009] 

Mutually adjoining spirals of the spiral groove are preferably 
spaced from each other by a center-to-center spacing of 0.03mm to 0.3 mm. 
When the center-to-center spacing is 0.3 mm or less, carrying out of the 
sealing medium from the chamber-to-be-sealed is unrelated to the 
rotational direction of the machine element, and, in any case, the amount 
carried out is very small, whereby secure sealing by the radial shaft seal 
ring is assured. A center-to-center spacing of less than 0.03 mm is 
however not appropriate. This is because processing a surface with this 
dimension causes a relatively long processing time, and, besides, grasping 
the spiral groove in terms of measuring technology becomes extremely 
difficult. 
[0010] 

In addition, in order to obtain good working characteristics over a 
long service life, the sealing edge has a width equal to 1.5 to 4 times the 
center-to-center spacing, or pitch. 
[0011] 
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The machine element is preferably a rotating shaft, or a track ring 
of a cassette-type packing device. 
[0012] 

Furthermore, the present invention also provides a method of 
manufacturing a surface-to-be-sealed of a sealing device as described 
above. In order to solve this problem, the surface-to-be-sealed is 
lathe-turned with a feed of 0.03 mm to 0.3 pim, a cutting speed of 80 
m/min to 400 m/min, and a cutting depth of 0.04 mm to 0.4 mm. Lathe 
turning process in this manner enables to obtain an average centerline 
roughness Ra of 0.05 to 2 Dm according to DIN4762, where an average 
centerline roughness Ra is the arithmetic mean of absolute values of all the 
curve values of the roughness curve. This lathe turning process also 
enables to obtain a roughness Rz of 0.2 to 10 Dm according to DIN4768, 
where this average roughness Rz is the mean value of individual roughness 
in the successive measuring sections. 
[0013] 

Furthermore, when the surface-to-be-sealed is processed using the 
method described above, the maximum roughness Rmax of the surface 
according to DIN4768, i.e. the maximum individual roughness across all 
the successive measuring sections is 15 Dm at most or less. 
[0014] 

F.mhndiments of the Invention 

A sealing device of the present invention and a method of 
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manufacturing a surface-to-be-sealed constituting the sealing device will be 
described more in detail hereunder, referring to the drawings attached 
hereto. It is however noted that these drawings are not necessarily exact 
to scale, and components may be shown exaggeratively, as the case may 
be. 

[0015] 

FIG. 1 shows a first embodiment of the sealing device, where the 
machine element 1 is constituted by a shaft-to-be'-sealed, and a radial shaft 
seal ring 2 surrounds the external circumferential side of the shaft. A seal 
lip 3 of the radial shaft seal ring 2 has a sealing edge 6. The sealing edge 
6 is defined by two mutually intersecting conical surfaces, i.e. a first 
conical surface 4 and a second conical surface 5. Sealing medium is in a 
chamber-to-be-sealed marked with a reference notation of 15. 
[0016] 

The first conical surface 4 located ' on the side of the 
chamber-to-be-sealed 15 and the axis of rotation 7 has a first angle 8 held 
therebetween in the axial plane. Here, the surface-to-be-sealed 10 of the 
shaft is in parallel to the axis of rotation, whereby the angle 8 is shown as 
an angle between the surface-to-be-sealed 10 and the conical surface 4. 
This angle 8 is greater than a second angle 9 defined by the second conical 
surface 5 and the axis of rotation 7. (The angle 9 is also shown as an 
angle between the surface-to-be-sealed 10 and the conical surface 5, in FIG. 
1.) The sealing edge 6 is pre-pressurized radially inwardly by means of a 
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spring, and thereby is brought into close contact with the surface 10. In 
order for good static sealing to be assured when the machine element 1 
stands still, the width of the sealing edge 6 is adapted to be within a range 
of 1.5 to 4 times the center-to-center spacing, or pitch (of the spirals) of the 
spiral groove 11. 
[0017] 

The surface-to-be-sealed 10, constituting a contact surface against 
the sealing edge 6, is equipped, on a part of it, with at least one groove 11 
running spirally. The groove 11 has a rounded groove bottom 12, and the 
groove bottom has a radius of curvature of 0.4 mm to 1.6 mm, and 1.0 mm 
in the case shown in the drawing. 
[0018] 

FIG. 2 shows a second embodiment of the sealing device, 
according to the present invention. This embodiment differs from the first 
embodiment shown in FIG. 1, in a point that the hiachine element 1 to be 
sealed is constituted by a track ring 17 of a cassette-type packing device 18. 
The track ring 17 has a lathe-turned surface-to-be-sealed 10. 
[0019] 

FIGs. 3 and 4 show enlarged views of a part "A" of FIG. 1. It is 
supposed here that a part of the surface-to-be-sealed 10 is lathe-turned. It 
is however possible, for example, to have an entire surface-to-be-sealed 10 
manufactured using the method described in the claim. 
[0020] 
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The lathe-turning process is conducted by applying lathe turning to 
the surface-to-be-sealed 10 with a feed of 0.03 mm to 0.3 mm, a cutting 
speed of 80 m/min to 400 m/min, and a cutting depth of 0.04 mm to 0.4 
mm. Thus, the spirals of the spiral groove 11 so manufactured result in 
having a depth 13 of at most 15 Dm or less. While forming the specified 
spiral groove is done by adjusting the lathe-turning conditions according to 
factors, such as the material of the surface-to-bp-sealed 10, the depth 13 is 
preferably made at most 10 Dm from the view point of the service life and 
wear, as described above. The pitch of the spiral groove 11, i.e. the 

center-to-center spacing 16 between mutually adjoining spirals 14.1, 14.2, 

and 14.3 is 0.03 mm to 0.3 mm. 

[0021] 

Furthermore, using the method described above also enables 
manufacturing the surface-to-be-sealed 10 as a contact surface with the 
radial shaft seal ring 2 to be made, in particular,' simple and of low cost. 
The spiral groove formed on the surface-to-be-sealed 10 by using the 
method according to the present invention enables to be grasped precisely 
in terms of measuring technology. Also, since the spirals of the spiral 
groove are produced to have a pitch corresponding to the feed used in the 
lathe-turning process, the effect of the spirals of the spiral groove on the 
sealing behavior of the radial shaft seal ring can be quantified. 
[0022] 

F.ffRcts of the Invention 
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An advantage of the sealing device, according to the present 
invention, is in that even when the spiral groove 11 is formed by means of 
lathe-turning with an orientation such that the sealing medium is axially 
discharged from the chamber-to-be-sealed 15, the shapes and arrangement 
of the two conical surfaces 4 and 5 enable to have the sealing medium 
returned toward the chamber-to-be-sealed 15 regardless of the rotating 
direction of the machine element 1, as long as the parameters for 
manufacturing the radial shaft seal ring as described above are observed. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

FIG. 1 depicts a schematic partially sectional side view of a first 
embodiment of the sealing device of the present invention, where the 
machine element 1 is constituted as a shaft. 

FIG. 2 depicts a schematic partially sectional side view of a second 
embodiment of the sealing device of the present invention, where the 
machine element 1 is constituted as a track ring of a cassette-type packing 
device. 

FIG. 3 depicts an enlarged view of a portion "A" of FIG. 1. 
FIG. 4 depicts a further enlarged view of a portion "A" of FIG. 1. 
ne?scri ption of Notations 

1: machine element 2: radial shaft seal ring 3: seal 

lip 

4, 5: conical surface 6: sealing edge 7: axis of rotation 
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8, 9: angle 10- surface-to-be-sealed H: 

spiral groove 

12: grove bottom 13: depth 14: 

spiral 

15: chamber-to-be-sealed 16: center-to-center spacing (pitch) 

17: cassette-type packing device 18: track ring 



16 



